I
NFLUENZA is a major health problem among elderly people in industrialized countries. Elderly individuals suffering from chronic. illnesses are more prone to suffer complications from influenza infection (1) . Nursing homes may. represent a particularly good setting for outbreaks of influenza. These outbreaks may touch about 60% of residents and induce life-threatening complications in more than 25% of cases (2) . In this population-generally very old and handicapped by several chronic physical or mental diseases-the mortality associated with infections is very high (3) .
Influenza vaccination has been shown to be effective in 33% of vaccinated elderly persons for preventing clinical infection and in 74% for preventing mortality (4) . The results of a study conducted in a nursing home demonstrated that influenza vaccination decreases significantly the gravity of infections (5) . However.fhe efficacy of influenza vaccination in elderly subjects remains less than in young sub-. jects. This decreased response is generally related to the decreased immune response associated with aging (6) (7) (8) .
Immunosenescence affects mainly the cellular immune response; however, it could also influence the response to the vaccination. In fact, anti-influenza immunity is the result of interactions between Band T lymphocytes. The T helper cells are essential for the production of antibodies (9) . Moreover, the cytotoxic T cells react with various subgroups of influenza type A and also play an important role in the healing process (10) . The importance of interleukin 2 (lL-2) also has been demonstrated in the effective production of antibodies in response to influenza vaccination (11) .
It is generally believed that suboptimal nutritional status of elderly subjects may contribute to their progressive immunosenescence associated with aging (12) . When studying the efficacy of influenza vaccination in elderly persons, the nutritional aspects are rarely taken into consideration. The importance of nutritional status in the integrity of the immune response is generally well recognized (13) and should be taken into consideration in the case of elderly subjects (14) . The deleterious effects of malnutrition or the lack of even a small quantity of nutrients on the cellular and humoral immune response has been largely demonstrated (12, 15, 16) .
Elderly people are susceptible to malnutrition, particularly those who are frail or afflicted with chronic disease (17) . The
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Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/54/2/M59/611454 by guest on 07 March 2019 experimental supplementation of their diet with one or several nutrients has demonstrated an improvement in many immunological parameters: either in cellular immunity, such as the increase of the delayed type hypersensitivity, the increase in the number of helper T cells, the T cell proliferation (14, (18) (19) (20) , or in humoral immunity (21) . In one study (14) supplementation with zinc increased the response to influenza vaccination. In other studies some relation was found between the value of serum total protein, prealbumin and zinc and the response to the influenza vaccination (22) . In contrast, other studies failed to demonstrate improvement in the immune response following supplementation (23) (24) (25) . Recently, the nutritional status in vitamins B6, D and E (26, 27) has been associated with the activity of IL-2 in an elderly population. This aspect is particularly important considering the role of IL-2 in the immune response and its decrease with aging (27) (28) (29) .
It was also recently demonstrated (30, 31) that health status, as well as functional disability, might influence the immune response to influenza vaccine in elderly people, mainly those living in nursing homes.
There exists a real need to study the relationship between nutritional status and the response to influenza vaccination in institutionalized elderly persons. Many nutritional surveys among geriatric patients have demonstrated a high prevalence of malnutrition (32) (33) (34) . Less effective responses to influenza vaccination have been demonstrated among institutionalized elderly subjects (2) . Thus, the aim of the present study was to evaluate several aspects of the nutritional status of institutionalized elderly adults in relation to their response to influenza vaccination. Moreover, certain aspects of the cellular immune response were also investigated. A better understanding of these relationships is of great importance for public health because nutritional supplementation could improve the immune responses and in tum the quality of life of elderly people.
MATERIALS AND METHODS
Patients.-Patients residing for more than 1 year in a nursing home and able to participate were asked for consent to be vaccinated and to participate in this study. All patients who accepted vaccination also participated in the study (n =23). Fifteen patients refused the vaccination. All participating subjects were able to eat independently in spite of their pathology.
Functional assessment.-We used the SMAF (Functional Autonomy Measurement System) developed and validated in the Centre de Recherche en Gerontologie et Geriatrie at Sherbrooke (35, 36) . This test is performed yearly in all institutionalized elderly persons. The SMAF is a 29-item scale developed according to the World Health Organization (WHO) classification of disabilities (37) . It measures functional ability in five areas: activities of daily living (ADLs), mobility, communication, mental functions, and instrumental activities of daily living (IADLs). The maximum score is -87 and subclasses can also be calculated for each dimension. The higher the negative score, the more functionally dependent the person is. In an institutional setting, a 20-item short version (total score =-60) is applied, excluding IADL and walking outside items. This latter version was used in our assessment.
Vaccination protocol.-All volunteers were vaccinated on day O. At the same time, the prevaccinationantibody titer, nutritional status, biochemical parameters, and lymphocyte proliferation were assessed. The vaccination was done with FluviralR, 1994-95 preparation (Fluvac Biovac Inc, Laval, Qc, Canada), in one shot containing the following antigens (0.5 ml containing 15 ug of each antigen): A/Shangdong/ 09/93, Affexas/36/9l, and B/Panama/45/90. On day 28, the postvaccination antibody titer was determined.
Influenza antibody titers determination.-At the pre-and postvaccination periods, the antibody titers against the various influenza antigens were determined by the hemagglutination inhibition test (38) . An increase of fourfold for any of the virus antigens was considered as a seroconversion. A titer higher than 40 at the prevaccination period was considered as protective.
Biochemical-nutritional parameters.-Plasma vitamin E, A and l3-carotene were determined by HPLC as already described (39) . Total protein, prealbumin, iron, calcium, TSH, DHEA and DHEAS were measured as routine laboratory tests by the Clinical Biochemistry Laboratory of the University Hospital of Sherbrooke University.
Nutritional status.-The Mini Nutritional Assessment (MNA) recently developed by Guigoz et al. (40) was used to assess the nutritional status on day O. The test is made up of simple measures and closed questions that are easy to ask and answer, and it takes less than 15 minutes to complete. According to the MNA, subjects were classified as malnourished (score < 17), at risk of malnutrition (score 17-23.5), or in good nutritional status (score~24). The test was shown to be valid in classifying elderly subjects within various categories (40) .
Lymphocyte separation.-This was carried out by Fycoll
Hypaque gradient centrifugation as previously described (41). Statistical analysis.--Comparisons between subjects categorized according to their response to influenza vaccine were carried out using the chi-square or Fisher exact test for categorical variables and unpaired t test or Wilcoxon rank test for variables normally distributed. Relationships between different parameters were also tested using Spearman correlation.
RESULTS
Twenty-three elderly institutionalized persons participated in this study. Their vital and clinical characteristics 6...,.
partly, the differences in the influenza vaccine response between the responsive and the nonresponsive groups. .. 9 2 as well as their plasma vitamins E, A and f3-carotene values in relation to their response to influenza vaccination are presented in Table 1 . The first group, considered as responsive (8 women and 3 men), showed an increase of their basal antibody titer by 4 times at the 28th day postvaccination, whereas the second group (9 women and 3 men) did not show this increase. No statistically significant differences or correlation could be demonstrated in the functional abilities of the responsive and nonresponsive groups in regard to the immune response to the influenza vaccine. No statistically significant differences could be found between the two groups in the parameters presented in Table 1 , and no sex-dependent differences were found. We found no significant differences in basal antibody titers between the responsive and the nonresponsive group in any of the antigens tested (Figure 1) . Thus, the prevaccination status could not explain the significant difference in the postvaccination antibody titers obtained between the two groups ( Figure 1) .
Along with the other parameters studied (Table 2) , lymphocyte proliferation is presented. Statistically significant differences (p =.05) could be found in lymphocyte proliferation between the responsive and nonresponsive groups. The lymphocyte proliferation was significantly higher in the responsive group following the stimulation with Shangdong and Texas antigens. These results may explain, at least The nutritional parameters are also presented in Table 2 . No statistical differences were found between the responsive and the nonresponsive groups concerning the MNA score. All subjects in the responsive group were found to be at risk of malnutrition (score 23.5-17). In the nonresponsive group, 33% were malnourished, 42% were at risk of malnutrition, and 25% were in a good nutrition status according to their MNA scores. No statistical difference could be demonstrated in the mean plasma levels of vitamins E, A and (3-carotene between the responsive and the nonresponsive groups. Mean levels of vitamin A and (3-carotene were even lower in the responsive group. When a plasma level of 30 umol was used as a cutoff point for a normal vitamin E value, a positive response to influenza vaccination was significantly associated with this high vitamin E status.
It is of note, however, that the hemoglobin (p = .03), hematocrit (p =.02), and total protein levels (p =.05) were significantly higher in the responsive group (Table 2) . These parameters are considered as indicators of the nutritional status (22, 34) . Although albumin is generally considered a good indicator of nutritional status, no statistically significant differences were found in the albumin levels between the two groups. It is noteworthy that in the nonresponsive group the mean albumin level approached the critical level (36g/L). Moreover, a hormone considered as immunomodulator, the DHEA, was found significantly higher in the responsive group (p = .004). Furthermore, the iron levels were significantly higher (p = .004) in the responsive group as compared to the other. No statistically significant differences could be demonstrated for any of the other biochemical parameters between the two groups of elderly patients ( Table 2 ). The MNA correlated to the total protein (r = .58, p < .01) and to serum calcium (r = .38, p< .01) levels. No other correlations could be demonstrated between the various measured parameters.
DISCUSSION
Influenza is a serious disease in elderly persons, particularly in those who are institutionalized (3). It is well accepted that the immune response decreases with aging, mainly the cellular immune response (6) (7) (8) . The response to vaccination has been demonstrated to be efficacious in only 30% of vaccinated cases (4) . Several factors have been demonstrated to influence the immune response (42) . One of these is the nutritional status of the individual (13, 14) , as well as the hormonal status, such as DHEA level (43) . The effect of nutrition on the immune status is controversial in elderly subjects who are more prone to malnutrition than the younger population. Institutionalization is an additional risk due to the high prevalence of chronic illnesses (3).
This study was undertaken to ascertain whether any relationship might exist between the response to influenza vaccination and the nutritional status of institutionalized, chronically ill elderly persons. The main findings of this study are that some aspects of the nutritional status, the DHEA level, and the cellular immune response are associated with influenza vaccine responsiveness in institutionalized elderly subjects. Our results demonstrate that almost all participating subjects were somehow nutritionally at risk, but only a very few (3 out of 23) may be classified as malnourished, by MNA score. In the meantime, 50% of the elderly volunteers had a satisfactory response (~fourfold titer increases compared to the basal antibody titer) to influenza vaccination. The MNA score representing the global nutritional status of an individual was not predictive for responsiveness to influenza vaccination. Nevertheless, it is possible that statistical significance was not observed because of insufficient power.
Other important findings however, demonstrated a significant difference in some of the haematological parameters (Hgb, Htc), as well as in the total protein levels being associated with influenza vaccination responsiveness. A decrease in these indicators of the nutritional status in the nonresponsive group indicates that they might play an important role in the impairment of an individual's immune response. Thus, nutritional status might be somehow related only through some specific parameters to the influenza vaccine responsiveness. It is of note that no difference could be demonstrated in the albumin levels between responsive and nonresponsive groups, although it was low in both groups, but almost at the critical level in the nonresponsive group. It seems that at low levels, albumin is not a good measure of the responsiveness to the influenza vaccination. It is noteworthy to mention that the total protein level positively correlated with the MNA score.
As we found a correlation between some hematological parameters and a satisfactory response to vaccination, it was of interest to determine whether iron levels could be also associated with the responsiveness to vaccination in our elderly individuals. We found a positive relationship between the iron levels (more than 11 umol) and the response to vaccination. The iron was previously shown to be a potent modulator of the immune response mainly in children (44) , but to our knowledge no indication existed for elderly persons. This could suggest a possible way to influence the response to vaccination in elderly subjects.
Recent studies have demonstrated that functional disability might influence the immune response to influenza vaccine (30, 31) . Gross et al. (30) have demonstrated that the presence of chronic disease, measured by chronic health evaluation scale indicating the functional status of the subject, was related to a lower immune response only in case of an antigenically new vaccine strain. Remarque et al. (31) found an association between functional disability and lower immune response to influenza vaccine for all the vaccine strain that they have studied. As the functional status might be correlated to the nutritional status (17), we also investigated whether the functional status could be related to the response to the influenza vaccine. We could not find any differences in the functional disabilities, measured by SMAF, of the responsive and nonresponsive groups of our institutionalized elderly subjects. Thus, in our study the functional disability of the subject was not a determinant factor for the differences found in the response to influenza vaccine.
The other interesting finding concerns the positive relation between the DHEA levels and the responsiveness to influenza vaccination. To our knowledge, such an association is demonstrated for the first time. In fact, the DHEA level was significantly higher in the group responsive to the influenza vaccination. Based primarily on evidence derived from studies of the murine model, DHEA and DHEAS have been shown to have immunoenhancing properties, but human studies are almost nonexistent (43) . Animal studies have shown that the DHEA is able to modulate the immune response, including the humoral immune response, and more and more data show that with aging the level of DHEA decreases to a level 25% of that in young people (45) . Recently, however, DHEAS was used orally as a vaccine adjuvant in elderly subjects (46, 47) . A trend toward improvement of the immune response to influenza vaccine was observed, without a statistically .significant increase of the response (47) . In our study we could not demonstrate a relation between the serum levels of DHEAS and the response to influenza vaccine, in contrast to D HEA. Therefore, it may be that the supplementation by the DHEA during vaccination could improve the response to the vaccination in chronically ill patients, as was already demonstrated for IL-2 (48).
Finally, a positive relationship was found between the lymphocyte T proliferation in response to viral antigens and the responsiveness to the influenza vaccination. The T lymphocyte proliferation was significantly higher in the responsive group when stimulated by the specific viral antigens as compared to the nonresponsive group. These results further support the relationship, found also by others (10, 11) , between the cellular and humoral immune response and antibody responsiveness to influenza vaccination. Moreover, a normal IL-2 secretion by T lymphocytes is also necessary for the effective antibody response to vaccination in the elderly subjects. It is a well-demonstrated fact that with aging the IL-2 secretion is decreased under various specific and nonspecific stimuli; however, interpersonal variations could exist (28, 29) . Thus, the decreased proliferative response to the viral antigens could be the consequence of a decreased IL-2 secretion contributing at least partly to the altered antibody response in the elderly nonresponsive group. No correlation between lymphocyte proliferation and the nutritional parameters could be demonstrated.
In summary, our results suggest that nutritional status is associated with response to influenza vaccination through specific parameters, such as total protein, hemoglobin, and iron levels. Moreover, the DHEA level seems to modulate the response to influenza vaccination. A relationship between cellular and adequate humoral immune responses was found. More extensive studies are needed to confirm the optimal nutritional status for optimal antibody response to influenza vaccination in elderly persons. Furthermore, nutritional intervention studies are needed to show that with optimal nutrition we can effectively improve the response to vaccination, mainly in frail and chronically ill elderly persons.
